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ABSTRACT 
Fatigue in the postnatal period is such a common experience for most mothers that the term 
‘postpartum fatigue’ (PPF) has been coined to describe it.  When new mothers experience 
extreme fatigue, it follows that their physical health, mental health, and social-wellbeing is 
negatively affected.  It is interesting to note that there is a distinct lack of empirical 
investigations focusing on the link between PPF and increased risk of injury; particularly when 
the links between fatigue and increased risk of road crashes are well documented.  The purpose 
of this investigation was to undertake pilot research to develop an understanding of the duration 
of PPF and the performance impairments experienced by new mothers when involved in safety-
sensitive activities, such as driving a motor vehicle.  Semi-structured interviews were undertaken 
with women (N = 24) at 12 weeks postpartum living in South-east Queensland, Australia.  Key 
themes were identified; with a particular emphasis towards understanding the link between the 
participant’s experience of postpartum fatigue and the impact this has on their overall cognitive 
and physiological functioning, as well as their experience of the driving task.  Further, 
sleep/wake data was collected and using the Karolinska Sleepiness Scale (KSS) the potential 
crash risk for this group of mothers is discussed.  It is proposed that the findings of this 
investigation could be used to improve current knowledge among new mothers and practitioners 
regarding the mechanisms and consequences of fatigue and to inform interventions that lead to a 
decreased risk of injury associated with postpartum fatigue. 
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POSTPARTUM FATIGUE AND DRIVING: RELATING EXPERIENCES, THOUGHTS 
AND OPINIONS 12 WEEKS POST BIRTH. 
It is well documented that sleep-related and fatigue-related driving are significant 
contributory factors in fatal and serious injury crashes[1, 2].  Fatigue and sleepiness are seen to 
be the largest identifiable and preventable causes within the transport industry surpassing the rate 
of drug- and alcohol-related incidences [1].  Studies suggest that 20 percent of all motorists on 
the road have fallen asleep at least once whilst driving [3].  Factors that may contribute to driver 
sleepiness and crashes include sleep debt, shift work, prolonged work hours, time of day, time 
spent awake, time on task, type of road, risk-taking behaviour, age, gender, sleep disorders, 
alcohol and other drugs, and monotonous road conditions [1, 4].  
Sleep, alertness, and performance are linked to the body’s 24 hour biological clock [1].  
The effects of being awake when biologically programmed for sleep, restricted sleep over a 
period of time, and extended wakefulness often results in sleepiness, tiredness, drowsiness, and 
fatigue [1, 5].  Sleepiness can be defined as difficulty remaining awake even while carrying out 
activities and is related to circadian and homeostatic influences [6].  Estimates of the proportion 
of crashes attributable to sleepiness vary considerably, with some research suggesting that 
sleepiness is a factor in one to three percent of crashes in the United States [4], whereas research 
in Australia estimates that sleepiness is a contributing factor in up to 33 percent of crashes [7].  
Research suggests that lack of sleep, e.g., four and a half hours compared to seven and half hours 
sleep, can lead to significant driving performance impairment [8], with individuals who obtained 
less than six hours of sleep twice as likely to be involved in a dangerous event while driving [9].  
Similarly, Connor et al. found a strong association between levels of acute driver sleepiness and 
the risk of an injury crash [10].  They found that participants who identified any degree of 
sleepiness were 11 times more likely to be involved in an injury crash when compared with 
drivers in the most alert group.  
Fatigue is reported as the most common complaint of women following childbirth [11-
16] and to quantify the scale of the problem, the Australian Bureau of Statistics recorded 280,000 
mothers in 2007 who gave birth to 285,000 babies [17].  This fatigue experienced by mothers is 
generally known as ‘postpartum fatigue’ (PPF).  Researchers have described it as the exhaustion 
and diminished ability to perform mental and physical activities that mothers experience in the 
postnatal period [15, 18-20].  Although fatigue was originally intended as a formal expression of 
tiredness [21, 22], efforts have since been made to demarcate these terms along with the 
commonly-used synonym exhaustion as separate but related concepts.  Despite efforts to 
conceptually distinguish fatigue from other labels that hold similar connotations, the terms 
exhaustion and tiredness frequently appear as descriptors of fatigue in the literature.  While it is 
important to make note of the language used in this area, it is not the intention of this paper to 
further the debate regarding the definitions of fatigue. 
Women often believe that PPF is a temporary condition that subsides as routine activities 
are re-established [23].  However, research has shown that PPF becomes progressively worse 
within the first six weeks after childbirth [12, 20, 24-26].  These and similar findings have 
defined PPF as occurring in the first three months after childbirth [27] and it has been suggested 
that symptoms of fatigue may persist for as long as 18 months postpartum for over 50 percent of 
women [28].   
PPF is frequently portrayed in terms of physiological and psychological dimensions [15, 
25].  The physiological factors discussed can be classified as normal or pathological in nature 
and include labour and delivery issues, anaemia, and haemorrhaging [29].  Mode of delivery is a 
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commonly examined physiological factor in this area of research with evidence suggesting that 
women who have caesarean sections as opposed to vaginal births experience higher levels of 
PPF [30, 31].  Anaemia is defined as a reduction in the blood concentration of haemoglobin and 
is characterised in the postpartum period by a deficiency of iron in the blood [32], and can be 
caused or made worse by blood loss (haemorrhaging) experienced during or after giving birth 
[33].  While some studies have found no evidence of iron deficiency anaemia or post-birth 
haemorrhaging contributing to PPF in the first few months after delivery [34], anaemia has been 
linked to women experiencing PPF three months after childbirth [35].  Other physiological 
factors that are flagged in the literature as potential contributors to PPF include postpartum 
infection, thyroid dysfunction, and pain [32, 36].   
Within the psychological factors, depression is the predominant factor studied in PPF 
research.  The relationship between fatigue and depression in general has been a source of 
contention in scientific communities for decades and has spilled over into postpartum research.  
Postpartum depression (PPD) is considered a separate but related concept to PPF; however the 
amount of overlap and causal relationship between these conditions remains unclear.  Past 
research has implicated PPF as both a cause and effect of PPD [37]; yet there appears to be some 
consensus among researchers that PPF is one of a number of contributing factors to PPD [38, 
39].  Milligan et al. conclude that PPF and PPD are distinct concepts that at times overlap in 
meaning and measurement [23, 27].  However, they expanded on this assertion by revealing that 
women in the postpartum period only felt depressed when they experienced high levels of 
fatigue.  This suggests that the relationship between these conditions may resemble more of a 
stage rather than continuous model.   
Another area that has been explored is the impact of situational factors such as 
demographics, social support, and breastfeeding.  Considerable work has been devoted to 
investigating these factors however the findings have not been consistent across any of the 
studies or variables studied.  For example, research regarding maternal age has produced mixed 
results, with some studies reporting no relationship between age and PPF [34-36]; whereas other 
research has found that more mature women reported lower levels of PPF [40].  This conflicting 
result has also been reported on number of children.  Gardner and Campbell [40] reported that 
mothers with two to three children reported higher levels of fatigue; whereas Larsen [41] and 
Hoffman [42] reported mothers with one child recorded more fatigue responses than mothers 
who had three or more children. 
A key area of research relating to the contributing factors to PPF is the sleep loss that 
mothers experience as a result of recurrent infant night waking.  Over the years, researchers have 
devoted much attention to investigating fatigue by focusing on the harmful effects that sleep 
deprivation can have on cognitive performance and motor skills.  For instance, Krueger reported 
a 25 to 40 percent drop in cognitive performance after one and two nights of total sleep 
deprivation respectively [49].  Likewise, other research examined the effects of continuous sleep 
loss and found that performance on tasks requiring cognitive, vigilance, psychomotor skills 
significantly deteriorated in stages over 36 to 42 hours and then 66 to 72 hours of sleep 
deprivation [50].  However, it is interesting to note that in light of the studies highlighting the 
link between sleep loss and psychomotor performance an extensive search of the literature has 
revealed that there appear to be no studies specifically addressing postpartum fatigue and crash 
risk. 
Researchers have attempted to quantify the harmful effects of fatigue by drawing 
comparisons between performance impairments induced by total sleep deprivation and alcohol 
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intoxication [51].  For instance, Dawson and Reid conducted an experiment where participants 
either remained awake for 28 continuous hours or consumed 10-15 grams of alcohol at 30 
minute intervals until their mean blood alcohol concentration (BAC) reached 0.10 percent [52].  
In both conditions cognitive psychomotor performance was measured by way of an 
unpredictable tracking task, at 30 minute intervals from the start of the session.  The results 
indicated that after 17 hours of sustained wakefulness, cognitive psychomotor performance had 
deteriorated to a level equivalent to a BAC of 0.05 percent.  Further findings revealed that 24 
hours of sustained wakefulness resulted in performance decrements equivalent to a blood alcohol 
concentration of 0.10 percent.  This research [52] and more recent work [53-55] concluded that 
moderate amounts of sleep deprivation can result in impairments to cognitive and motor skill 
performance that are equal to or greater than the legal BAC limit for driving. 
Fatigue researchers across other disciplines have shown that partial sleep deprivation, 
which results in cumulative sleep debt over time [56], can lead to fatigue and impaired 
performance under various types of conditions.  For instance, in one study sleep was limited to 
approximately five hours per night for seven consecutive nights for 16 adults [57].  Participants 
showed significant performance and mood deterioration over this period of time with scores for 
fatigue, confusion, tension, mental exhaustion and stress steadily increasing and vigilance 
performance scores steadily decreasing.  The overall findings indicated that there was a 
cumulative effect on performance and mood.  Similar research has shown that accumulative 
sleep debt can cause significant reductions in cognitive, vigilance and memory tasks over shorter 
periods of time as evidenced when sleep time for participants was restricted to four hours per 
night over two and four days [58, 59].   
It is well established that there is a link between road crashes and sleepiness and/or 
fatigue [2, 10].  Research has also demonstrated that driving between two a.m. and five a.m. 
increased a drivers risk of a crash by 5.6 times and less than five hours sleep during the past 24 
hours increased crash risk by a factor of 2.7 [10].  Further, Åkerstedt investigated whether 
retrospective sleep/wake data could predict actual road crashes [60].  The predicted sleepiness 
values were transformed to a scale with nine steps, which are analogous to the Karolinska 
Sleepiness Scale (KSS), were used in logistic regression analyses.  Åkerstedt found a highly 
significant odds ratio for each incremental step of sleepiness on the output sleepiness scale.  
These researchers place normal alertness levels during the day between levels three and four on 
the sleepiness scale, and from their data it can be seen that a driver with a score of six is 
approximately five times more likely to be involved in an injury crash; and with a sleepiness 
score of nine a driver is 24 times more likely to be involved in an injury crash. 
The purpose of the current study was to investigate the performance impairments 
amongst postpartum women when undertaking safety-sensitive activities, and more particularly 
what these decrements represent in relation to the driving task.  The obvious implications for 
driving are that fatigue and sleepiness can lead to decreased attention, which in turn can lead to 
falling asleep while driving.  Thus, the researchers felt it was important to include a separate 
measure of the participants’ level of sleepiness while driving.  The KSS was chosen for two 
reasons, firstly it has been demonstrated that falling asleep at the wheel in a driving simulator 
was always preceded by an increased KSS score [61]; and secondly, previous research allows for 
the nine point scale to be converted to an odds ratio of the associated crash risk which allows for 
inferences to be made regarding the crash risk of potential drivers. 
This research comprises an initial exploration of PPF and it is not the intention of this 
paper to fully explore the wide variety of factors indicated in the literature.  Rather, the research 
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team has focussed on the duration of PPF and the mother’s individual experience of PPF.  The 
literature on PPF highlights problems within the first six weeks postpartum, therefore the data 
collected in this research occurs at six, 12, and 18 weeks to further explore the duration of PPF.  
The interviews conducted with participants were done at week 12, the selection of this time 
period was to determine whether it persisted past the initial six weeks; however it was decided 
not to wait until 18 weeks postpartum in case PPF had waned or disappeared entirely. 
 
Method 
Participants 
The participants were mothers who had just given birth to a baby and met the 
following criteria: had not given birth via caesarean section; had not ever been diagnosed 
with hypothyroidism; had not at any time in their life experienced a depressed mood or a 
loss of interest of pleasure that lasted for two weeks or more; and had not developed 
within the first six weeks iron deficiency anaemia or any other postpartum infection or 
inflammation.  Participants were recruited either through a Queensland University of 
Technology (QUT) electronic noticeboard or via advertisements placed on various 
parenting websites.  A total of 25 mothers were recruited, however one withdrew from 
the study.  Interviews were conducted with 24 participants whose ages ranged from 22 to 
39 years old, with a mean age of 30.25 years old (SD = 4.86). 
 
Materials 
The interviews were guided by a semi-structured interview developed by the research 
team designed to explore the issues related to postpartum fatigue.  As there was no previously 
known research on postpartum fatigue the researchers were unable to draw on previous 
questionnaires.   
The Karolinska Sleepiness Scale (KSS) is a measure of instantaneous sleepiness and is 
measured on a nine point Likert scale, with one denoting very alert, three equals alert, four to six 
being neither alert nor sleepy, seven equals sleepy, and nine very sleepy.  Participants recorded 
their level of sleepiness for each driving episode at week 12 postpartum for seven days. 
 
Procedure 
Ethical clearance was granted from the University Human Research Ethics Committee. 
Participants were screened to ensure they met the inclusion criteria for the study.  Data collection 
comprised both qualitative and quantitative data collection methods. The data discussed in this 
paper came from a qualitative semi-structured interview occurring at 12 weeks postpartum.  The 
purpose of the interview was to discuss the participant’s thoughts and experiences of sleepiness 
and fatigue since giving birth.  The interview also asked participants to talk about the 
differences, if any, they saw between sleepiness and fatigue; the causes of fatigue; the impact 
that having a baby has on their daily routine; and strategies they might be using to cope better 
with sleepiness and/or fatigue.  It should be noted that the interview did not explicitly ask 
participants about transport related issues; however these issues were highlighted in topics 
concerning how postpartum fatigue has impacted their daily life.  All interviews were audio 
recorded.   
The quantitative method comprised both a sleep/wake diary for participants to record 
their sleep patterns and those of any children, and a questionnaire asking participants questions 
about themself, their overall sleepiness and well being, as well as any incidents.  The sleep/wake 
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diary and questionnaire were sent to the participant and filled in at six, 12, and 18 weeks 
postpartum.  However, the diary and questionnaire data is not the focus of this paper and will be 
reported elsewhere.  Participants were compensated with a $20.00 department store gift card for 
completing each of the four data collection points. 
 
Data Analysis 
The audio-tape discussions were transcribed verbatim by the interviewer and were 
analysed and coded using thematic analysis.  Concepts were identified as themes if they were 
expressed with frequency, extensiveness, or intensity [62]. The first author, who also conducted 
the semi-structured interviews, also performed the analysis. However, to improve the validity 
and reliability of the first author’s coding, frequent consultations with the other authors were 
held.  These authors were particularly useful in identifying themes and interpretations that 
needed further clarification and/or explanation.  The combined efforts of the authors have 
resulted in a thorough and well-justified analysis which has provided a comprehensive and 
accurate reflection of the data received. 
The KSS data was compiled from one question in the sleep/wake diary that related to 
their level of sleepiness while driving at week 12 postpartum. 
 
Results 
Qualitative data 
The interviews conducted with participants ranged from nine minutes to 46 minutes (M = 
22.35 minutes, SD = 8.91 minutes).  The interviewer noted that some participants when 
answering the questions displayed disorganised thinking patterns which was apparent in the 
indirect manner in which the questions were answered.  A number of participants commented 
“not sure if that answers your question”.  In order to deal with the indirect nature of the data 
collection, the interviewer often interrupted the participant and paraphrased the pertinent 
information relating to the question asked with the intention of eliciting a yes or no response and 
then moved on to ask the next question.  The process of interviewing participants using a semi-
structured interview can often lead to tangential conversations, however in the case of the 
mothers interviewed in this study it is unclear whether the disorganised thinking patterns 
observed were connected with the experience of tiredness or fatigue in the postpartum period.  It 
is possible given the range of interview times that there may be pre-existing individual 
differences in the communication styles of the participants. 
The primary focus of this paper was centred on a thematic analysis of the performance 
impairment experienced by postpartum women.  It is not the intention of this paper to further the 
debate regarding either the academic or theoretical definitions, or mechanisms of fatigue.  
However, it is important to contextualise participants comments by discussing the difficulty the 
mothers found in defining and differentiating tiredness, sleepiness, and fatigue, and the general 
impact of fatigue on this cohort.   
 
Fatigue is more than sleepiness  Many participants commented that while fatigue is linked with 
sleep that it is more than the feeling of sleepiness or tiredness alone.  Participants reported that 
while a nap during the day alleviated their immediate feelings of sleepiness, it failed to lessen 
their overall feeling of fatigue.  For example:  
“Lack of sleep is more mechanical, when the body just says ‘that’s it’, sleep 
could be likened to hunger or thirst, just a certain point where the body will 
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just shut down.  With fatigue, all sorts of an emotional spectrum of feelings . 
. . where the thought of having to get up to brush my teeth is agonising, 
overwhelming, all sorts of irrational emotions, no coping mechanisms, 
extreme irritability, overwhelmed a lot”. (Participant 4) 
“I find that if I have a day nap I feel okay for the afternoon, short term solution 
really, but I still just feel exhausted, fixes the next twelve hours but not the 
whole situation.  I wouldn’t feel so sleepy but I would still feel fatigued” 
(Participant 17) 
“In terms of fatigue, I need something more than sleep; my body is wanting 
something deeper than sleep, a real sense of rest”. (Participant 4) 
Interestingly, the theme of fatigue being something that can be fixed by sleep alone was 
echoed in the participants’ comments about the impact fatigue has on their daily routines.  
Several mothers expressed that they did not have a daily routine and it was difficult to know 
from one day to the next how much their day would vary.  As such, there was a real sense when 
speaking with these mothers that the fatigue was more than sleepiness and was the result of the 
level of tasks that needed to be completed in their day.  For example, for many of the mothers’ 
simple housework activities, such as vacuuming the floor or planning and cooking an evening 
meal, became complex and required more cognitive resources than they had at the time.   
Furthermore, it was expressed by this group of mothers that the high level of 
unpredictability in the type of tasks and the length of time to complete the task was fatiguing.  
Moreover, this was a particular issue for the mothers during the night and the impact on ‘normal’ 
sleep patterns appeared to have the most effect on the mothers’ levels of fatigue.  For instance 
the frequency of feeds vary based on the age of the baby, and for many of the mothers in this 
study, they were subject to four hourly feeds.  Therefore, once you take into the account the time 
it takes to feed the baby, settle the baby, and then for the mother to get back to sleep herself, it 
will in most cases mean that there is not much time for quality sleep before the next round of 
night feeds is due to begin.  It appears that the existence of this high level of unpredictability in 
the number of tasks and timing of tasks is in and of itself fatiguing for this group of mothers.  For 
instance, one mother described it as “physically doing too much during the day, and mentally 
trying to concentrate on too many things” (Participant 23).  It perhaps can be summed up as the 
cumulative effect of lifestyle changes, plus a lack of routine, plus a high level of unpredictability 
in tasks that equates to the feeling of fatigue. 
The content of this theme highlights that the mothers in this study see fatigue as 
something that is deeper than a physical need for sleep.  The comments expressed draw attention 
to the impact fatigue has on every aspect of their daily life functioning and raises several 
concerns.  Tasks that were once automatic and did not require large amounts of cognitive 
resources have now become complex tasks, e.g., preparing meals.  Therefore, the major concern 
that this raises is how this impacts the driving task, which for an experienced driver is largely an 
automatic process. 
 
Cognitive and physiological impact of fatigue  Another theme that emerged from the 
interviews was the cognitive and physical impact of fatigue.  Some of the following comments 
outline this group of mothers’ experience: 
“It’s hard to predict until you are in it, it can be debilitating sometimes and have 
an effect on normal mental functioning”.  (Participant 4) 
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“Fatigue is that point where you are so tired you don’t make sense when you 
talk to people or it’s difficult to have a conversation”.  (Participant 11) 
“Realising that I’m not functioning very well, because of fatigue and lack of 
sleep, . . . there is a sense of getting worse and not coping.  Physical feelings 
like an endless hangover and a flu-like feeling.” (Participant 4) 
“It was really exhausting; I really couldn’t perform any task or anything.” 
(Participant 3) 
“It is emotionally and physically draining, but if I had more sleep I would be 
able to better cope with everything” (Participant 2) 
“The biggest difference was the snappiness, the length of it.  You know that you 
will have lack of sleep, there have been times that I have been so fatigued 
that I have felt faint.” (Participant 17) 
These comments illustrate that for new mothers there is an overwhelmingly negative 
impact from the cumulative impact of sleep deprivation and fatigue on their normal life 
functioning.  It appears that fatigue is both the physiological and cognitive lack whereas 
sleepiness is a transient state. 
 
Concentration  While the interviews have raised the cognitive aspect of postpartum fatigue, a 
notable sub theme that was repeated often across the interviews was the inability to concentrate 
and the impact this had on the mothers’ life functioning.  It appears that new mothers have 
difficulty in concentrating and one mother described it as the “fuzziness in your head” 
(Participant 2).  Another mother described it as “Not having that mental sharpness . . . not 
thinking ahead clearly, not being able to plan, being vague” (Participant 17).  It was also stated 
by one mother that “the level of confusion in the first six weeks is quite extreme.  I can remember 
thinking ‘what am I supposed to be doing’.” (Participant 18).  Another interesting statement, 
combined aspects of concentration, memory, and cognition to highlight that many of these 
processes are closely intertwined and when an individual experiences negative functioning in one 
area that it impacts on the overall system of cognition.  This mother expressed it as follows, “I 
have really noticed the effect on my memory and cognition” (Participant 12). Whereas another 
mother described it as the inability to “juggle as many tasks” (Participant 19).   
Several of the mothers also described that when they were feeing fatigued that they had 
problems in following a conversation, and if they were the speaker, that they would often forget 
what they were saying and be unable to complete their sentence.  Further comments described 
their thinking as disorganised and “don’t feel like thoughts are coherent” (Participant 17). In 
line with the previous discussion regarding the increased workload of mothers, one of the new 
mothers made this observation: 
“You do become more forgetful, but not sure if it is because you have a newborn 
in the house and there are a million and one things to do or if I’m just more 
tired” (Participant 7) 
Regardless of how these mothers describe their experience, it is apparent from the 
statements that the impact of fatigue on the participants does have a considerable cognitive 
component which negatively influences their life functioning.  Furthermore, an alarming aspect 
of the statements made by this group of mothers suggested a decrease in their awareness of their 
environment and that instead of resting, they push on because tasks still need to be done and the 
baby still has needs to be met.  For example, one mother said “if you are tired during the day 
time, and something needs to be done, you don’t sit down and have a rest, you continue to do it 
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in the haze” (Participant 16).  In addition, some mothers talked about how their lack of 
concentration is translated to the driving environment.  For example: “I guess when you are out 
and about driving . . . you almost feel like you are on auto pilot” (Participant 18).  This 
participant went on to comment that she had experienced this just recently where she had no 
recollection of the journey home, she said “I was driving home and luckily all the lights were 
green, because all of a sudden I thought ‘how did I get here’, so I had just cruised along all the 
way home and all the lights had been green and I just followed the traffic and I drove” 
(Participant 18). 
 
Impact of fatigue on the driving task  The statements in the previous section relating to the 
driving task highlight that driving requires a high level of attentional resources that for many 
new mothers is lacking.  It appears that due to both the cognitive and physical impact of fatigue, 
driving becomes an automatic process which often means they have no recall of their interaction 
within the road environment.  One of the most disturbing findings from these interviews came 
from one participant who made statements that suggested a disconnection between mind and 
body.  Her comments intimate that regardless of their intention to drive in a safe manner, they 
were unable to control the actions of their body.  Statements illustrating these sentiments are:  
“. . . inability to control what the body is doing, for instance when driving the 
other day I thought I was braking when I was accelerating” (Participant 4) 
“Mentally it didn’t matter how much I so passionately told myself to focus, I 
could not control my eyes, they were wandering everywhere, my heart was 
pounding, and while I was really focused I just couldn’t control it. I think it 
had to do with lack of sleep, I was alert, mentally saying to myself “stay 
awake”, but I really couldn’t, it was really out of my control” (Participant 
4) 
At other times the participants commented that their level of confusion and decision 
making ability makes the driving environment an extremely complex task.  For example, one 
mother stated: 
“it is the confusion that comes with it, and I can remember driving around a car park and 
it was almost empty and still not being able to choose which park I wanted, do I want 
to be close to the shops, which exit do I want to be closer to, do I want to be under 
the shade or out of the shade, do I want to drive in or reverse out” (Participant 18). 
In addition to this general feeling of not being able to concentrate, this group of mothers 
talked about how driving has been different since giving birth and that it is harder to cope with 
everyday occurrences such as having children in the car or listening to the radio.  For example: 
“The driving has been different, I am more tired . . . and I have children talking 
in the background so it really knocks my concentration. I wish I could have 
a glass screen up so I couldn’t hear them.  Having added noise and stresses 
makes it hard.” (Participant 16) 
“I find that I have to turn off the radio when driving, I can’t concentrate” 
(Participant 15) 
An unexpected, but noteworthy finding was that this group of mothers appeared to be 
self-regulating their driving exposure without being aware of it being a protective driving 
behaviour.  The behaviours described include choosing to drive less, avoiding the driving task 
when tired, and choosing to walk or catch public transport.  For example, one mother stated “. . . 
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before the baby was born I would do things like drop off videos or pop down to the shops to buy 
bread or milk, I really don’t do that now” (Participant 9).   
An interesting theme that came out of the interviews was that if they had more knowledge 
about the level of fatigue and tiredness they would experience after giving birth, many mothers 
would have done more planning and preparation prior to the arrival of their baby to reduce their 
need to leave the house.  For example, “If I had of thought more about it, I would have had lots 
of things sorted like meals, breast feeding bras and tops, because I didn’t want to drive” 
(Participant 4).  Further, many of the mothers also planned when their driving tasks occurred.  A 
statement that illustrates this finding is as follows:  
“. . . I was careful with long drives and generally did them early in the day” 
“I would have a lot of strategies, I would pick the time of day, not after lunch, 
have food to eat in the car, I would also want another adult in the car who 
was going to be awake. . . I would choose better times and days to take a 
long journey” (Participant 13) 
The final theme that emerged from the interviews concerned the influence that 
the study exerted on this group of mothers’ awareness of the safety aspect involved in 
driving.  For example: 
“When I started the week six data collection, it made me more alert while 
driving” (Participant 22) 
“Doing the study has made me realise how little sleep I am actually getting and 
it makes me think about the safety and driving on the road” (Participant 17) 
“The diary and questionnaire made me realise and think about how many 
mothers are on the road, you know school pick up time, that is a bad time of 
the afternoon for mothers and kids to be sleepy and fatigued, it is also really 
congested around schools” (Participant 4) 
 
Quantitative data 
The Karolinska Sleepiness Scale (KSS) data was compiled for all participants and 
comprised the number of times they had driven within a seven day recording period, the duration 
of their driving time, and finally the associated KSS score for each driving episode.  There were 
two participants who did not record any driving episodes at week 12 postpartum. On average, 
participants (n=22) drove 8.35 (SD = 4.35) times for approximately 40 minutes (SD = 16.38, 
range 18 to 96 minutes).  There were a total of 192 driving episodes across all participants, 35 of 
these driving episodes (18.2%) occurred with a KSS rating of six; 21 driving episodes (10.9%) 
with a rating of seven; five driving episodes (2.6%) with a rating of eight; and one driving 
episode with a rating of nine (.5%).  Overall, 32 percent of the driving episodes were rated by 
participants as occurring at a KSS score of six or above. 
 
Discussion 
This research has explored the performance impairments experienced among a cohort of 
postpartum women when undertaking safety-sensitive activities and more particularly driving a 
motor vehicle.  The interviews highlighted that within this group of participants, the fatigue 
experienced postpartum persists longer than the initial six weeks after giving birth.  The thematic 
analysis has shown that the fatigue they experience is more than sleepiness and tiredness and 
could be characterised as being deeper than a physical need for sleep.  Furthermore, the impact 
that fatigue has on their everyday life functioning is dramatic and manifests itself as difficulties 
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in their cognitive processing and physiological performance.  The mothers interviewed noted that 
they were often unable to concentrate which impacted on their ability to plan and organise 
simple tasks such as planning and executing the family meal. 
The particularly concerning aspect of this group of mothers’ experience of postpartum 
fatigue related to the impact this had on their driving.  The statements made by participants 
suggested that their concentration levels had dropped to such a degree that they could not recall 
their interaction within the driving environment.  It also appeared that they experienced a level of 
confusion that impacted on their decision making and ability to deal with additional stimuli while 
driving, such as the radio or children talking in the background.  Perhaps the most disturbing 
comment related to the driving task came from one participant who experienced a disconnection 
between mind and body or as the participant described it, an “inability to control what the body 
is doing”.  The participant said “I thought I was braking when I was accelerating”.   
Research conducted by Krueger [49] suggested that an individual’s cognitive performance 
drops by up to 40 percent after one or two nights of total sleep deprivation, and it has been 
reported in other research that continuous sleep loss significantly impacts on tasks requiring 
vigilance and psychomotor skills [50] has serious implications for mothers suffering from 
interrupted sleep patterns.  Statements implying that the mothers in this study continue to do 
safety-sensitive tasks, such as driving, when they are sleep deprived means that there is a cohort 
of drivers on the road who lack the necessary cognitive and attentional resources required for the 
task to be carried out in an optimal manner. 
The sleep/wake predictor scores recorded for the participants in this study while driving 
found that 32 percent of the driving episodes undertaken occurred at a KSS score of six or above.  
Åkerstedt et al. deemed that a KSS score of three was equivalent to normal daytime alertness and 
an odds ratio for an injury crash marginally above zero [60].  In this paper, an individual with a 
KSS sleepiness score of six is five times more likely to be involved in an injury crash; with a 
KSS score of seven they are eight times more likely; a KSS score of eight is 15 times more 
likely; and a KSS score of nine, an individual is 25 times more likely to be involved in an injury 
crash [60].  Therefore, within this sample there were 62 driving episodes where the odds of being 
involved in an injury crash was between five and 25 times more likely than if the individual had 
recorded a sleepiness score of one to five.   
The KSS results found in this cohort of postpartum mothers provides an opportunity to 
estimate the scale of the crash risk associated with PPF in the Australian population.  In 2007, 
280,000 women gave birth, assuming that approximately 80 percent of these women hold a valid 
driver’s licence, combined with the average of 8 driving episodes per week carried out by the 
current cohort of mothers; there are potentially 1.8 million driving episodes per week performed 
by postpartum mothers.  In this study, 32 percent of the driving episodes were undertaken with 
an associated injury crash risk between five and 25 times more likely to occur.  Therefore, it 
could be proposed that there are potentially 575,000 driving episodes per week performed by 
postpartum mothers in Australia that may be between five and 25 times more likely to involve an 
injury crash.   
It is acknowledged by researchers in the area that fatigue impacts on attention and 
vigilance and is associated with difficulty in maintaining ‘skilled performance’ on tasks such as 
driving [63].  It has also been suggested that fatigue is a major contributor to driver error and that 
activities such as driving require sustained performance over time and involve greater cognitive 
effort than physical effort [64, 65].  Activities requiring complex cognitive processes include 
sustained vigilance, selective attention, and complex decision making [64, 65].  Thus, the 
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research suggests that fatigue and sleepiness contribute to deterioration in performance [64].  
Therefore, it is apparent that new mothers represent an ‘at risk’ group who are worthy of further 
research to develop an intervention/s specifically aimed at addressing their concerns and needs.  
Together, the qualitative and quantitative data for week 12 suggests that fatigue leads to 
decreased attention and concentration, which in turn leads to errors while driving, and 
substantially increases their chances of being involved in an injury crash.   
It should be noted that some of the participants in this study self-regulated their driving 
exposure by avoiding driving entirely, using alternative modes of transport, or choosing the best 
times to drive e.g. time of day or type of road.  This demonstrates that some of the mothers were 
aware that their ability to drive safely was impaired at certain points in time.  While this self-
regulation was not mentioned by all of the participants, it is possible that they all may self-
regulate their driving exposure.  However, what is interesting is that none of the participants 
identified it as a protective driving behaviour or strategy.  Therefore it would be useful to 
develop an intervention around increasing new mothers awareness and accuracy of how 
debilitating postpartum fatigue is in reality.   
The intervention would need to focus heavily on a variety of factors, such as how fatigue 
is vastly different from sleepiness; the physical and cognitive limitations of fatigue, for instance 
practical examples of the relationship between physical and cognitive symptoms and the driving 
task; the strategies to assist in helping mothers cope with both the physical and cognitive 
limitations as well as decreasing their risk of injury on the road e.g., alternative modes of 
transportation or driving at times when they are more alert; and finally to educate new mothers 
that these symptoms extend well past the initial six  week period that exists in the published 
literature. 
While the findings of this research are important, it should be acknowledged that the data 
collected did not take into consideration a variety of socio-demographic factors that were 
discussed in the literature.  While these factors all appear to be important influences on a 
mother’s experience of PPF, due to the preliminary nature of the study it was outside the scope 
of resources to include all of these variables.  It is recommended that further research address 
these factors.  Finally, the data collected with participants represents a limited sample of their 
driving and was not exhaustive of the driving task outside of the seven day recording period at 
week 12.   
 
 
Acknowledgement 
The authors would like to thank the Centre for Accident Research and Road Safety – 
Queensland for funding this research. 
Livingstone et al.  14 
References 
1. Åkerstedt, T., Consensus statement: Fatigue and accidents in transport operations. 
Journal of Sleep Research, 2000. 9(4): p. 395. 
2. Horne, J.A. and L.A. Reyner, Counteracting driver sleepiness: Effects of napping, 
caffeine and placebo. Psychophysiology, 1996. 33: p. 306-309. 
3. Shapiro, C. and W. Dement, Impact and epidemiology of sleep disorders., in ABC of 
sleep disorders, C. Shapiro, Editor. 1993, BMJ Publishing Group: London. p. 1-4. 
4. Lyznicki, J.M., et al., Sleepiness, driving and motor vehicle crashes. Journal American 
Medical Association, 1998. 279(23): p. 1908-1913. 
5. Feyer, A.-M., Fatigue: Time to recognize and deal with an old problem. British Medical 
Journal, 2001. 322: p. 808-809. 
6. Crummy, F., et al., Prevalence of sleepiness in surviving drivers of motor vehicle 
collisions. International Medical Journal, 2008. 38: p. 769-775. 
7. Pierce, R.J., Driver sleepiness: Occupational screening and the physician’s role. 
Australian and New Zealand Journal of Medicine, 1999. 29: p. 475-480. 
8. De Valck, E. and R. Cluydts, Slow-release caffeine as a countermeasure to driver 
sleepiness induced by partial sleep deprivation. Journal of Sleep Research, 2001. 10(3): 
p. 203-209. 
9. Arnold, P.K., et al., Hours of work, and perceptions of fatigue among truck drivers. 
Accident Analysis and Prevention, 1997. 29(4): p. 471-477. 
10. Connor, J., et al., Driver sleepiness and risk of serious injury to car occupants: 
Population based case control study. British Medical Journal, 2002. 324(7346): p. 1125-
1129. 
11. Carty, E., C. Bradley, and W. Winslow, Women's perceptions of fatigue during 
pregnancy and postpartum: The impact of length of hospital stay. Clinical Nursing 
Research, 1996. 5(1): p. 67-80. 
12. Gjerdingen, D., et al., Changes in women's physical health during the first postpartum 
year. Archives in Family Medicine, 1993. 2(3): p. 277-283. 
13. Martell, L., Heading toward the new normal: A contemporary postpartum experience. 
Journal of Obstetric, Gynaecologic, and Neonatal Nursing, 2001. 30(5): p. 496-506. 
14. O'Reilly, M., Achieving a new balance: Women's transition to second-time parenthood. 
Journal of Obstetric, Gynaecologic, and Neonatal Nursing, 2004. 33(4): p. 455-462. 
15. Pugh, L. and R. Milligan, A framework for the study of childbearing fatigue. Advances in 
Nursing Science, 1993. 15(4): p. 60-70. 
16. Ruchala, P. and L. Halstead, The postpartum experience of low-risk women: A time of 
adjustment and change. Maternal-Child Nursing Journal, 1994. 22(3): p. 83-89. 
17. Australian Bureau of Statistics, Births, Australia, 2007.  cat. no. 3301.0. 2007, ABS: 
Canberra. 
18. Rubin, R., Maternity nursing stops too soon. . American Journal of Nursing, 1975. 
75(1680-1684). 
19. Runquist, J., Persevering through postpartum fatigue. Journal of Obstetric, Gynecologic, 
and Neonatal Nursing, 2007. 36(1): p. 28-37. 
20. Troy, N., Is the significance of postpartum fatigue being overlooked in the lives of 
women? . American Journal of Maternal Child Nursing, 2003. 28(4): p. 252-257. 
Livingstone et al.  15 
21. Bartley, S., What do we call fatigue?, in Psychological aspects and physiological 
correlates of work and fatigue, E. Simonson and P. Weiser, Editors. 1976, Charles C. 
Thomas: Springfield, Illinois. p. 409-414. 
22. Broadbent, D., Is a fatigue test now possible? Ergonomics, 1979. 22(12): p. 1277-1290. 
23. Milligan, R., et al., Postpartum fatigue: Clarifying a concept. Scholarly Inquiry for 
Nursing Practice, 1996. 10(3): p. 279-291. 
24. Bozoky, I. and E. Corwin, Fatigue as a predictor of postpartum depression. Journal of 
Obstetric, Gynecologic, and Neonatal Nursing, 2002. 31(4): p. 436-443. 
25. Milligan, R., P. Parks, and E. Lenz, An analysis of postpartum fatigue over the first three 
months of the postpartum period., in Vision of excellence: The decade of the nineties. 
Proceedings of the West Virginia nurses' association research symposium, J. Wang, P. 
Simoni, and C. Nath, Editors. 1990, West Virginia Nurses' Association: Charleston, WV. 
p. 245-251. 
26. Troy, N. and P. Dalgas-Pelish, The natural evolution of postpartum fatigue among a 
group of primiparous women. Clinical Nursing Research, 1997. 6(2): p. 126-141. 
27. Milligan, R., et al., Measuring women's fatigue during the postpartum period. Journal of 
Nursing Measurement, 1997. 5(1): p. 3-16. 
28. Parks, P., et al., What happens when fatigue lingers for 18 months after delivery? Journal 
of Obstetric, Gynecologic, and Neonatal Nursing, 1999. 28(1): p. 87-93. 
29. Paterson, J., et al., A study on the effects of low haemoglobin on postnatal women. 
Midwifery, 1994. 10(2): p. 77-86. 
30. Cummins, L., S. Scrimshaw, and P. Engle, Views of cesarean birth among primiparous 
women of Mexican origin in Los Angeles. Birth, 1988. 15: p. 164-170. 
31. Garel, M., et al., Psychosocial consequences of caesarean childbirth: A four-year follow-
up study. Early Human Development, 1990. 21(2): p. 105-114. 
32. Corwin, E. and M. Arbour, Postpartum fatigue and evidence-based interventions. 
American Journal of Maternal Child Nursing, 2007. 32: p. 215-220. 
33. Szaflarski, N., Physiologic effects of normovolemic anemia: Implications for clinical 
monitoring. AACN Clinical Issues, 1996. 7(2): p. 198-211. 
34. Milligan, R., Maternal fatigue during the first three months of the postpartum period. 
Unpublished doctoral dissertation. 1989, Baltimore: University of Maryland. 
35. Lee, K. and M. Zaffke, Longitudinal changes in fatigue and energy during pregnancy 
and the postpartum period. Journal of Obstetric, Gynecologic, and Neonatal Nursing, 
1999. 28(2): p. 183-191. 
36. Webster, B., Maternal fatigue during the postpartum period. Unpublished master's 
thesis. 1994, Montreal, Canada: McGill University. 
37. Montgomery, G., Uncommon tiredness among college undergraduates. Journal of 
Counselling & Clinical Psychology, 1983. 51(4): p. 517-525. 
38. Affonso, D., et al., A standardized interview that differentiates pregnancy and 
postpartum symptoms from perinatal clinical depression. Birth, 1990. 17(3): p. 121-130. 
39. Errante, J., Sleep deprivation or postpartum blues? Topics in Clinical Nursing, 1985. 
6(4): p. 9-18. 
40. Gardner, D., Fatigue in postpartum women. Applied Nursing Research, 1991. 4(2): p. 57-
62. 
41. Larsen, V., Stresses of the childbearing year. American Journal of Public Health, 1966. 
56(1): p. 32-36. 
Livingstone et al.  16 
42. Hoffman, L.W., Effects of the first child on the woman's role, in The first child and family 
formation, W.B. Miller and L.I. Newman, Editors. 1978, Carolina Population Council: 
Chapel Hill, NC. 
43. Coletta, N., At risk for depression: A study of young mothers. The Journal of Genetic 
Psychology, 1983. 142: p. 301-310. 
44. Crnic, K., et al., Effects of stress and social support on mothers of premature and full-
term infants. Child Development, 1983. 54: p. 209-217. 
45. Norbeck, J. and V. Tilden, Life stress, social support, and emotional disequilibrium in 
complications of pregnancy: A prospective, multivariate study. Journal of Health & 
Social Behavior, 1983. 24: p. 30-46. 
46. Alder, B., The psychobiology of mood and sex in pregnancy and the puerperium, in 
Female sexuality, psychology, biology and social context P. Choi and P. Nicolson, 
Editors. 1994, Harvester Wheatsheaf: New York. p. 83-99. 
47. Rubin, R., Maternal identity and the maternal experience. 1984, New York: Springer 
Publishing Company. 
48. Milligan, R., et al., Postpartum fatigue: Clarifying a concept., in Clarifying concepts in 
nursing research, A. Gift, Editor. 1997, Springer Publishing Company: New York. p. 97-
109. 
49. Krueger, G., Sustained work, fatigue, sleep loss and performance: A review of issues. 
Work & Stress, 1989. 3(2): p. 129-141. 
50. How, J., et al., Effects of sleep deprivation on performance of naval seamen: Total sleep 
deprivation on performance. Annals of the academy of medicine, Singapore, 1994. 23(5): 
p. 669-675. 
51. Yegneswaran, B. and C. Shapiro, Do sleep deprivation and alcohol have the same effects 
on psychomotor performance? Journal of Psychosomatic Research, 2007. 63: p. 569-572. 
52. Dawson, D. and K. Reid, Fatigue, alcohol and performance impairment. Nature, 1997. 
388(6639): p. 235-235. 
53. Arnedt, J., et al., Simulated driving performance following prolonged wakefulness and 
alcohol consumption: Seperate and combined contributions to impairment. Journal of 
Sleep Research, 2000. 9(3): p. 233-241. 
54. Arnedt, J., et al., How do prolonged wakefulness and alcohol compare in the decrements 
they produce on a simulated driving task? Accident Analysis & Prevention, 2001. 22: p. 
322-337. 
55. Williamson, A. and A.-M. Feyer, Moderate sleep deprivation produces comprehensive 
cognitive and motor performance impairments equivalent to legally prescribed levels of 
alcohol intoxication. Occupational & Environmental Medicine, 2000. 57: p. 649-655. 
56. Folkard, S., Effects on performance efficiency. , in Shiftwork: Problems and solutions, W. 
Colquhoun, et al., Editors. 1996, Peter Lang: Frankfurt, Germany. p. 65-87. 
57. Dinges, D., et al., Cumulative sleepiness, mood disturbance and psychomotor vigilance 
decrements during a week of sleep restricted to 4-5 hours per night. Sleep, 1997. 20: p. 
267-277. 
58. Tilley, A. and R. Wilkinson, The effects of a restricted sleep regime on the composition 
of sleep and on performance. Psychophysiology, 1984. 21(4): p. 406-412. 
59. Wittersheim, G., J. Libert, and A. Muzet, Effects of partial sleep deprivation and heat 
exposure on performance., in Sleep, arousal, and performance, R. Broughton and R. 
Ogilvie, Editors. 1992, Birkhauser: Boston. p. 91-122. 
Livingstone et al.  17 
60. Åkerstedt, T., et al., Predicting road crashes from a mathematical model of alertness 
regulation: The sleep/wake predictor. Accident Analysis & Prevention, 2008. 40: p. 
1480-1485. 
61. Reyner, L.A. and J.A. Horne, Falling asleep whilst driving: are drivers aware of prior 
sleepiness? International Journal of Legal Medicine, 1998. 111: p. 120-123. 
62. Krueger, R.A., Analyzing and reporting focus group results. 1998, Thousand Oaks: CA: 
Sage. 
63. Williamson, A.M., A.-M. Feyer, and R. Friswell, The impact of work practices on fatigue 
in long distance truck drivers. Accident Analysis & Prevention, 1996. 28(6): p. 709-719. 
64. Lal, S.K.L. and A. Craig, A critical review of the psychophysiology of driver fatigue. 
Biological Psychology, 2001. 55: p. 173–194. 
65. Nilsson, T., T.M. Nelson, and D. Carlston, Development of fatigue symptoms during 
simulated driving. Accident Analysis & Prevention, 1997. 29(4): p. 479-488. 
 
